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KOPSAVILKUMS

Multipla skleroze (MS) un 1. tipa diabéts (1TD) ir hroniskas autoimiinas
slimibas. Abu slimibu progresésanai ir kopigs autoimuns raksturs, bet mérka
organi ir at$kirigi. MS gadjjuma autoimunitate tiesi ietekmé neironu mielina
apvalku, pakapeniski samazinot signala parraidi smadzenés, tadéjadi ierobezo-
jot pacienta pamatspéjas. 1TD gadijuma tiek mérkétas aizkunga dziedzera Siinas,
ka rezultata rodas insulina deficits un nespéja metabolizét glikozi. Dazi pétijumi
liecina, ka MS pacientiem ir augstaka iespéja attistit 1TD, tapéc abam slimibam
var bat dazi kopigi mehanismi. Ta ka 1TD skar vairak cilvéku visa pasaulé neka
MS, ta ir salidzinosi labi pétita slimiba, ja salidzina abas. No otras puses, MS
joprojam ir daudz neskaidribu patofiziologija. MS var diagnosticét ar galvas
smadzenu vai muguras smadzenu MRI skenésanu, un, lai veiksmigi paléninatu
progresé$anu, var izmantot uz interferonu balstitas terapijas. Tomér MS tiek
diagnosticéta tikai tad, ja paradas dazada smaguma simptomi, un paslaik nav
praktiskas metodes ka identificét MS tas agrinaja stadija.

S$i pétijuma galvenais mérkis bija parbaudit vairakus biokimiskos un
genétiskos biomarkierus to pielieto$anai agrinai diagnostikai. MS un 1TD
slimniekiem tika savaktas asinis, izoléti limfociti, ekstrahéta DNS un veikti
biokimiskie un genétiskie testi. Pétijuma grupa (MS un 1TD pacienti), salidzinot
ar veseliem cilvékiem, tika novérots ievérojams DNS bojajumu un NO limena
pieaugums MS gadijuma, savukart 1TD pacientiem NO limeni bija pazeminati.
Malondialdehida (MDA) limena novértéjums uzradija biitisku samazinajumu
pétijuma grupa, kas varétu but saistits ar slimibu modificéjosu terapiju (DMT)
ietekmi. Genotipé$ana tika veikta svarigakajiem viena nukleotida polimor-
fismiem (SNP) DNS reparacijas génos (ATM, PARP1, XPC, XPA un XRCC1).
Rezultatus apstiprinaja ar nakamas paaudzes sekvencésanu (NGS) ar 100%
rezultatu atbilstibu. Ar NGS analizéja ar1 SNP potencialajos MS kandidatgénos
(ADAR, GRIA3, ZFAT, CIT, IFNAR2, STARDI13, ZFHX4), ka ari SNP NOSI1
un NOS2 génos. Statistiski nozimigi rezultati tika novéroti PARP1 un XRCCl1
nelidzsvarotibas analize ari paradijusi daudzsolosu statistisko nozimigumu.
Turklat tika veikta zema parklajuma kopiju skaita variaciju (CNV) analize un
dots ieskats nakotnes perspektiva.
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1. IEVADS

1.1. Multiplas sklerozes etiologija un mehanisms

Multipla skleroze (MS) ir hroniska autoimiina neirodegenerativa slimiba,
kas ietekmé centralo nervu sistému. Precizs MS célonis joprojam nav skaidrs,
tomer ir plasi aprakstiti iespéjamie MS attistibas patofiziologiskie faktori.
Viens no MS céloniem ir demielinizacija, ko izraisa limfociti, kas $kérso
hematoencefalisko barjeru un izraisa lokalu iekaisumu (Balasa et al., 2021;
Tafti et al., 2022).

Sievietes ir apméram divas reizes uznémigakas pret MS neka viriesi. Si
slimiba galvenokart skar cilvékus vecuma no 20 lidz 40 gadiem, un vairak neka
2 miljoni cilvéku visa pasaulé cie§ no MS.

Mielins ir mielina apvalka galvena sastavdala, kas parklaj nervu sanu ker-
meni un atbalsta signila parne§anu no vienas nervu $iinas uz otru (Mallucci
et al., 2015). Samazinata signala parraide izraisa nervu sistémas bojajumu un
ierobezo organisma sensomotorisko funkciju. Atkariba no ta, kur$ neirons ir
bojats, izrieto$ie simptomi ir at$kirigi, sakot no atminas traucéjumiem lidz
visparéjam nogurumam (Garg and Smith, 2015). Visbiezak sastopamie demie-
linizacijas (ipasi MS) simptomi ir vajums, sapigas muskulu spazmas, nogurums,
neiralgija, depresija, smalkas kognitivas gratibas un krampiji .

1.2. Multiplas sklerozes progreséSana un novértésana

70-80 % pacientu cie$ no recidivéjosi remitéjosas MS (RRMS). Recidivi
izraisa jaunas neirologiskas problémas vai pasliktina jau eso$o stavokli. Vairuma
gadijumu recidivi ilgst vairak neka 48 stundas un attistas dazu dienu vai nedélu
laika (Lane and Yadav, 2020; Tafti et al., 2022).

10 lidz 15 gadu laika péc MS sakuma 50% RRMS pacientu sakas prog-
reséjosa slimibas faze. MS simptomi nepartraukti pastiprinas $aja fazé, ko
sauc par sekundari progreséjosu MS (SPMS). Tresajai MS formai, ko sauc par
primari progreséjosu MS (PPMS), raksturiga progreséjosa pasliktinasanas no tas
sakuma, un ta rodas 15-20% MS gadijumu. Ceturtais MS veids ir pazistams ka
progreséjosi recidivéjosa MS (PRMYS), ta sastopama 5% pacientu, un to raksturo
pakapeniska degeneracija un parklajosi recidivi (Lane and Yadav, 2020; Tafti
et al., 2022).

1.3. Saistiba starp 1. tipa diabétu un multiplo sklerozi

1. tipa diabétam (1TD) un MS ir kopigs hronisks un autoimuns raksturs
(Pozzilli et al., 2022). Lai gan 1TD un MS tiek uzskatitas par autoiminam
slimibam, kas ir specifiski vérstas uz dazadiem organiem, abam slimibam, ka
paredzéts, ir kopigas etiologiskas un patologiskas pazimes (Handel et al., 2009).



Pétjjumi liecina, ka pacienti ar MS ir vairak paklauti 1TD attistibai, salidzinot
ar visparéjo populaciju (Pozzilli et al., 2022; Tettey et al., 2015).

Autoimunitati parasti apraksta no balto asins $anu perspektivas, kur
T-$anas, B-$tnas un makrofagi ir imanas atbildes galvenie komponenti (Dong
et al., 2016; Ingwersen et al., 2016; Ma et al., 2019; Zacca et al., 2021). Interesanti,
ka eritrocitiem var bat ari svariga loma autoimiino slimibu patogenézé. Baltas
asins $tinas veido aptuveni 1% no kopéja asins tilpuma. Atlikusas asinsrites
sastavdalas ir plazma ar aptuveni 55% no kopéja tilpuma un sarkanas asins
$anas (RBC), kas veido aptuveni 45% no kopéja tilpuma (Geiger et al., 2022).
Neskatoties uz to, ka eritrociti ir izplatiti asinsrité, tie parasti netiek izskatiti ka
dala no imiinas atbildes, jo tiem tritkst kodola vai iek$éjo organellu. Organellu
trokumu kompensé dazadi funkcionali aktivi receptori un transportieri $tinas
membrana (Crisp et al., 2016). Ir ari zinams, ka RBC piedalas galveno imianas
atbildes molekulu ATP un slapekla oksida (NO) izdalisana. Pétijumi ir para-
dijusi noteiktas novirzes §o molekulu limenos autoimiino slimibu gadijumos
(Geiger et al., 2022).

1.4. Vielmainas produkti ka oksidativa un
nitrozativa stresa indikatori

Nekontroléts oksidativais stress, prooksidantu un antioksidantu neatbilstiba
var izraisit oksidativus bojajumus §inam, audiem un organiem. Ir zinams, ka,
pieméram, lipidus ietekmé radikali un to starpa aktivie skabekla radikali (ROS).
Ir daudzi mehanismi, kas izraisa ROS veido$anos, tostarp enzimu reakcijas un/
vai dazadu savienojumu, pieméram, kateholaminu un hidrohinona, autooksida-
cija. Galvenie ROS avoti ir mitohondriji, plazmas membrana, endoplazmatiskais
tikls un peroksisomas (Janki et al., 2019; Sun et al., 2020). Ir svarigi atzimét,
ka aknas veidojas ROS daudzu eksogénu avotu, tostarp jonizéjosa starojuma,
ultravioleto staru, tabakas diimu, patogénu infekciju, vidé eso$o kimisko vielu
un herbicidu/insekticidu ietekmes rezultata .

Daudzus gadus, kops omega-3 un omega-6 taukskabju lipidu peroksidaciju
var viegli noteikt, izmantojot MDA kombinacija ar tiobarbittarskabi (TBA),
MDA tiek izmantots ka léts biomarkieris lipidu peroksidacijai (Ito et al., 2019;
Mas-Bargues et al., 2021). Kad TBA reagé ar MDA, veidojas intensivas sarkanas
krasas hromogéns fluorescéjoss addukts. So metodi sakotnéji izstradaja partikas
kimiki, lai novértétu tauku un ellu autooksidativo noardisanos. Jaatzimé, ka
tiobarbittrskabes reagéjoso vielu (TBARS) tests ir loti nespecifisks, un tas ir
izraisijis ievérojamas domstarpibas par ta izmanto$anu ka lidzekli MDA limena
noteiksanai no in vivo paraugiem.

NO, radikalam, kas izraisa nitrozativo stresu, ir svariga loma daudzos
cilvéku veselibas aspektos, tostarp eksitotoksicitaté, olbaltumvielu modifikacija
un citos patofiziologiskos procesos. Slapekla oksida sintaze (NOS) ziditajiem
razo NO, skelot L-argininu L-citrulina un NO molekulas (Akanji et al., 2020;



Correa-Aragunde et al., 2018). Ir zinamas tris NOS izoformas - endotéliala NOS
(eNOS), inducgjama NOS (iNOS) un neironala NOS (nNOS) (Wang et al., 2020).

Nav $aubu, ka NO spélé nozimigu lomu cilvéka organisma normala
funkcionalitaté, ta¢u tam ir ari patofiziologiska ietekme uz organismu.
Izmantojot dazadus mehanismus, NO reagé ar ROS $anu vidé, veidojot
loti reaktivas molekulas, kas boja $iinu komponentus molekulara limeni
(Fairless et al., 2021).

1.5. DNS bojajumi un aktivie skabekla radikali

Ir divi galvenie DNS bojajumu veidi: endogéns un eksogéns. Endogéna DNS
bojajuma laika ROS un adens, kas dabiski atrodas $inas, tiek iesaistiti hidrolitis-
kas un oksidativas reakcijas ar kimiski aktivo DNS. Vairakas genétiskas slimibas
un sporadiskus véza veidus izraisa §Is raksturigas mijiedarbibas starp DNS un
tas tuvakas apkartnes molekulam. Pretstata endogéniem DNS bojajumiem
eksogéni DNS bojajumi rodas, ja fiziski, kimiski un vides faktori boja DNS.
So vielu pieméri ir alkilétaji, UV un jonizéjosais starojums un $kérssaistisanas
lidzekli (Chatterjee and Walker, 2017).

Dazadi kimiski un fizikali faktori var izraisit loti bistamos DNS divpa-
vedienu parravumus (DSB) (Cannan and Pederson, 2016). Daudzas cilvéku
slimibas, ieskaitot Jaundabigos audzéjus, ir saistiti ar nereparétiem DSB (Tiwari
and Wilson, 2019).

1.6. Potenciali iesaistitie géni

ATM geéns atrodas 11. hromosoma: 108 223 044-108 369 102; 11q22.3
(1. att.), tas ir 146 059 bazes liels un orientéts plus pavediena (“Gene: ATM
(ENSG00000149311) - Summary - Homo_sapiens - Ensembl genome
browser 107”).
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I. attels. ATM géna lokalizacija genoma: joslas saskana ar Ensembl, atrasanas vietas
saskana ar GeneLoc (Gene: ATM (ENSG00000149311) - Summary - Homo_sapiens —
Ensembl genome browser 107).

PARP1 géns atrodas 1. hromosoma: 226 360 210-226 408 154; 1q42.12
(2. att.), tas ir 47 403 bazes liels un orientéts minus pavediena (“Gene: PARP1
(ENSG00000143799) - Summary — Homo_sapiens - GRCh37 Archive
browser 107”).
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2. attéls. PARP1 géna lokalizacija genoma: joslas saskana ar Ensembl (Gene: PARPI
(ENSG00000143799) - Summary — Homo_sapiens — GRCh37 Archive browser 107)

XPA atrodas 9. hromosoma: 97 654 398-97 697 340; 9q22.33 (3. att.),
tas ir 47 403 bazes liels un ir orientéts minus pavediena (“Gene: XPA
(ENSG00000136936) — Summary - Homo_sapiens — GRCh37 Archive
browser 1077).
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3. attels. XPA géna lokalizacija genoma: joslas saskana ar Ensembl (Gene: XPA
(ENSG00000136936) - Summary - Homo_sapiens — GRCh37 Archive browser 107).

XPC géns atrodas 3. hromosoma: 14,145,147-14,178,621; 3p25.1 (4. att.), tas ir
33 475 bazes liels un orintéts minus pavediena (“Gene: XPC (ENSG00000154767) —
Summary - Homo_sapiens — Ensembl genome browser 107”).
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4. attels. XPC géna lokalizacija genoma: joslas saskana ar Ensembl (“Gene: XPC
(ENSG00000154767) - Summary - Homo_sapiens — GRCh37 Archive browser 107”)

XRCCI géns atrodas 19. hromosoma: 43 543 311-43 580 473; 3p25.1
(5. att.), tas ir 37 163 bazes liels un orientéts minus pavediena (“Gene: XRCCl1
(ENSG00000073050) - Summary - Homo_sapiens — Ensembl genome
browser 107”).
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5. attels. XRCCI1 geéna lokalizacija genoma: joslas saskana ar Ensembl (“Gene: XRCCI
(ENSG00000073050) - Summary - Homo_sapiens — GRCh37 Archive browser 1077).



SIRT6 géna kodétais proteins pieder sirtuinu saimei - NAD atkarigiem
enzimiem, kam ir galvena loma rezistencé pret siinu stresu, genoma stabili-
taté, noveco$ana un energijas homeostazé. DNS reparacija, teloméru hroma-
tina uzturésana, iekaisumss, lipidu un glikozes metabolisms ir dazas no $i
géna kodéta proteina funkcijam. Transkripti, kas kodé dazadas izoformas,
var veidoties alternativa splaisinga rezultata (SIRT6 sirtuin 6 [Homo sapiens
(human)] - Gene — NCBI).

Visa genoma izpéte, ko publicéja Comabella ar kolégiem 2009. gada, aprak-
stija SNP saistibu ar atbildi IFN-p terapijai (Comabella et al., 2009). Visaugstak
noveértétie SNP ir $ados génos: cinka pirksti, kas satur AT aka doménu (ZFAT);
jonotropais glutamata receptors, AMPA 3 (GRIA3); ar StAR saistitais lipidu
parneses (START) doména proteins 13 (STARDI3); RNS specifiska adeno-
zina deaminaze, (ADAR); cinka pirkstu homeobokss 4 (ZFHX4); interferona
(o, B un w) receptors 2 (IFNAR2) un ar citronu Rho mijiedarbojos$a serina/
treonina kinaze (CIT) (Bourguiba-Hachemi et al., 2016).
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2. MERKI UN UZDEVUMI

Pétijuma meérkis: Parbaudit dazadus biokimiskos un genétiskos biomarkierus,
un noteikt to saistibu ar autoimunitati attieciba uz MS un T1D.

Uzdevumi meérka sasnieg$anai:

1.

Ll e

Noveértét DNS bojajumus MS un 1TD, un oksidétas bazes MS pacientu asinis
un limfocitos un salidzinat to ar veseliem cilvékiem

Novértét NO limeni MS un 1TD pacientu plazma un seruma un salidzinat
to ar veseliem cilvékiem.

Noveértét MDA limeni MS pacientu plazma un seruma.

Izpétiet saistibu starp katru biokimisko markieri

Izpétit saistibu starp biokimiskiem markieriem un pacienta kliniskajiem
parametriem

Identificét iespéjamos SNP DNS reparacijas génos ATM, PARP1, XPC, XPA,
XRCCI un noveértét to nozimi.

Izpétit SNP saistibu ar biokimiskiem markieriem.

Novértétt iespégjamo CNV ar zema parklajuma NGS un identificgjiet citus
SNP, kas varétu bt saistiti ar §i pétjjuma tému, izmantojot 30x parklajuma
NGS.
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3. METODES

Asinis néma profesionali medicinas darbinieki Latvijas Jiras medicinas cen-
tra. Si pétijjuma veikanai tika sanemta Latvijas Republikas Centralas medicinas
étikas komitejas atlauja Nr.1/17-10-10 (sanemts 10.10.2017). No katra pétijuma
dalibnieka tika iegiita informéta piekrisana.

3.1. Pétijuma plans un pacientu izvéle katram eksperimentam

Asinis tika iegtitas ar vénas punkciju un savaktas plastmasas kapilaros
ar heparinu (Microvetter CB 300, Sarstedt, Vacija) EPR spektrometrijai un ar
EDTA (BD Vacutainer K2E EDTA 10,8 mg, BD-Plymouth, Apvienota Karaliste)
kométu testam.

SNP genotipé$ana tika veikta 96 pacientiem ka kohortas pétijums.
Biokimisko analizu (kométu tests, NO noteik$ana, nitratu un nitritu limeni,
MDA limeni) pétijuma grupa piedalijas 26 brivpratigie no arsta pieraksta un
tas pasas 96 pacientu kolekcijas.

96 paraugu pétijjuma grupa bija 78,1% sievie$u un 21,9% viriesu, sieviesu
un viriesu attieciba bija aptuveni 4:1. 43,8% pacientu bija RRMS apakstips, un
56,2% pacientu attistijas SPMS stadija. Pétijuma grupas vidéjais vecums bija
50,7 + 10,7 gadi ar vidéjo vértibu 51,5 un IQR 16 gadi.

Veseli subjekti bija brivpratigie, kuri piekrita piedalities pétjjuma un paraks-
tija informétu piekriSanu. Veselas personas tika izmantotas ka kontroles tikai tad,
ja nebija dokumentétu pieradijumu par hroniskam un autoimanam slimibam.
Kométu testa un EPR kontroles grupa bija 22 veseli subjekti: 7 viriesi un 15 sievie-
tes vecuma no 21 1idz 55 gadiem (grupas vidéjais vecums 30,6 + 3,2 gadi). Slapekla
oksida metabolitu un MDA kontroles grupa bija 25 veseli subjekti: 4 viriesi un
21 sieviete vecuma no 20 lidz 43 gadiem (grupas vidéjais vecums 34,2 + 1,7 gadi).

ITD pétijuma grupa bija 71 pacients (45 viries$i un 55 sievietes) ar vidéjo
vecumu 33 (27,0-44,5) gadi. T1D kontroles grupa bija 57 veseli subjekti (39 viriesi
un 61 sieviete) ar vidéjo vecumu 24 (21-31) gadi.

60 paraugi no 96 paraugu kolekcijas tika nejausi izvéleti NGS CNV analizei
un 12 DNS paraugi 30x parklajuma NGS analizei.

3.2. Laboratorijas metodes

3.2.1. Plazmas un seruma sagatavosana

Asinis tika savaktas ar EDTA apstradatas mégenés BD Vacutainer K2E
EDTA 10,8 mg (BD-Plymouth, Apvienota Karaliste) plazmas sagatavosanai, ka
ari EDTA nesaturo$as mégenés (BD-Plymouth, Apvienota Karaliste) seruma
sagatavo$anai. Péc tam paraugus centrifugéja ar atrumu 1500 x g, nonéma
supernatantu un sagatavoja 0,5 ml alikvotas dalas.
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3.2.2. Periféro asinu mononuklearo Sinu (PBMC) un DNS izdaliSana

PBMC izolacija tika veikta saskana ar standarta Hitopaque-1077 protokolu,
ko nodrosinaja Sigma-Aldrich.

DNS izdali$ana tika veikta saskana ar standarta tehniku, atdalot skidro fazi
no $anu nogulsném un péc tam pievienojot 3 ml lizes buferskiduma (10 mM
TRIS, 0,4 M HCI, 0,32 M saharozes, 5 mM MgCl2, 1% Triton-X 100, pH = 7,5).
Péc lizei sekojosas centrifugésanas nogulsnes tika atkartoti suspendétas
1,5 ml resuspensijas buferskiduma (120 mM NaCl, 15 mM EDTA, pH = 8,0).
Resuspensijai pievienoja proteinazi K, RNazi, 10% SDS un inkubéja 2 stundas
56 °C. Pievienoja 5 M NaCl $kidumu, maisijumu centrifugéja, supernatantu
parnesa jauna mégené un pievienoja 96% ledus aukstu EtOH. Péc vienas nakts
inkubacijas —20 °C $ianu nogulsnes tika atdalitas un mazgatas ar 70% EtOH.
Supernatants tika izmests, un nogulsnes tika atkartoti suspendétas adeni.

3.2.3. Vienas siinas géla elektroforéze (sarmainais kométu tests)

Mikroskopa stikla priek$metstiklinus iepriek$ parklaja ar 0,5% III tipa
agarozi (Sigma-Aldrich, Vacija). Svaigas asinis (vai izolétas PBMC) sajauca ar
120 ul ieprieks uzkarsétu 1% zemas kusanas agarozi (Sigma-Aldrich, Vacija) un
uz priek$metstiklina uznesa 100 pl maisijuma. Sinu membranas tika lizétas,
ievietojot priek$metstiklinu auksta lizes buferskiduma (2,5 M NaCl, 10 mM
Na,EDTA, 10 mM Tris, pH 10 [AppliChem, Vacija], 1% Triton-X 100, 5%
DMSO [Sigma-Aldrich, Vacija]) uz 1-24 stundam. Péc lizésanas $anas ievie-
toja elektroforézes kamera, kas piepildita ar attiSanas buferskidumu (1 mM
Na,EDTA, 300 mM NaOH, pH 13,2) un 20 minates turéja pilniga tumsa 4 °C
temperatiira. Péc tam elektroforézi veica taja pasa buferskiduma 20 minates
pie 300 mA un 1 V/cm. Tad prieksmetstiklinus zavéja gaisa un skaloja ar 0,4 M
Tris buferskidumu (pH 7,5) divas reizes pa 5 minttém. Péc tam priek$metstik-
linus neitralizéja un 10 mindates fikséja ar 96% EtOH un tad iekrasoja ar etidija
bromidu. Paraugi tika analizéti ar fluorescences mikroskopu (Leica DFC295,
Vacija), kas aprikots ar 515 - 560 nm ierosmes filtru un 590 nm barjerfiltru.
Sinas tika vizuali iedalitas piecas klasés (A0 — A4) no 0. klases (nesaboja-
tas, nav saskatamas astes) lidz 4. klasei (gandriz visa DNS asté, nenozimiga
galva). DNS bojajumu indekss (D) nosacitas vienibas tika aprékinats $adi:
D=A+2xA,+3xA;+4xA,

Modificétaja kométas testa tika ievérota iepriek§minéta procedira,
pievienojot inkubacijas etapu ar enzimatiskam reakcijam (40 ml HEPES
[Sigma-Aldrich, Vacija], 0,1 M KCl [Sigma-Aldrich, Vacija], 0,5 mM EDTA
[Sigma-Aldrich, Vacija], 0,2 mg/ml vérsa seruma albuminu (BSA) [Sigma-
Aldrich, Vacija], pH 8), ka ari péc lizes pievienojot uz priek$metstiklina enzimus
formamidopirimidina DNS glikozidazi (Fpg [NEB, Apvienota Karaliste]) un
endonukleazi IIT (Endolll NEB, Apvienota Karaliste).
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3.2.4. NO noteiksana ar EPR spektroskopiju

1 ml svaigu asinu sajauca un inkubéja ar 20 mg dietilditiokarbamata (Sigma-
Aldrich, Vacija). 0,4 ml tika ievilkti insulina $lircé un nekavéjoties sasaldéti
$kidra slapekli. Sasaldétais cilindrs tika izspiests no $lirces un ievietots kvarca
djuara ER 167 FDS-Q (Bruker, Karlsriie, Vacija), kas piepildits ar $kidro sla-
pekli. NO koncentracija tika noteikta, mérot NO komponenti Fe-DETC-NO
spektra. Kvantitativiem mérijjumiem tika izmérits slapekla tripleta komponentes
(g =2,031) augstums un salidzinats ar kalibré$anas likni. EPR spektri tika regis-
tréti $kidra slapekli, izmantojot EPR spektrometru Radiopan SE/X2544 (Polija).
EPR meérijumu parametri bija: 25 mW mikrovilgu jauda, 9,24 GHz mikrovilpu
frekvence, 100 kHz modulacijas frekvence, 0,5 mT modulacijas amplitada un
5 x 105 uztveréja pastiprinajums.

3.2.5. Nitrttu un nitratu mérTjumi seruma un plazma

Nitritu un nitratu noteik$anai tika izmantots hemiluminiscences detektors
Sievers NOA-280i (Analytix, Apvienota Karaliste).

Nitritu mérijjumiem tika sagatavota virkne NaNO, standartskidumu.
mV vértibas tika izméritas 1 pM NO,~, 5 uM NO,~, 10 uM NO,™ un 50 uM
NO,™ un izveidota lineara kalibrésanas likne.

Nitratu mérijumiem tika sagatavota virkne NaNOj; standartskidumu.
mV veértibas tika izméritas 1 uM NO;7, 5 uM NO;~, 10 uM NO;3~ un 50 uM
NO;™ un izveidota lineara kalibrésanas likne.

50 L katra plazmas vai seruma parauga tika ievaditi 5 ml reducétaja (50 mg
Nal [Sigma-Aldrich, Vacija] 0,5 ml dejonizéta tidens un sajaucot ar 4,5 ml ledus
etikskabes [Sigma-Aldrich, Vacija]). Nitritu koncentracijas tika aprékinatas no
kalibrésanas liknes.

50 pL katra plazmas vai seruma parauga tika ievaditi 100 ml reducétaja
(0,8 g VCl; [Sigma-Aldrich, Vacija] 1 M HCI [Sigma-Aldrich, Vacija] un filtréja
caur filtrpapiru). Nitratu koncentracijas tika aprékinatas no kalibrésanas liknes.

3.2.6. MDA noteikSana ar TBARS testu

Mérijumus veica ar Lambda 25 UV-VIS spektrometru (PerkinElmer,
Apvienota Karaliste) 1 cm biezas vienreizéjas lietoSanas kivetés (Sarstedt,
Vacija). 4,0 mM TBA standart$kidumu sagatavoja, iz8kidinot 57,66 mg TBA
(Sigma-Aldrich, Vacija) 100 ml 99,5% ledus etikskabes (Sigma-Aldrich, Vacija).
1 mM MDA standarta izejas Skidumu sagatavoja, iz§kidinot 31,35 mg malon-
dialdehida tetrabutilamonija sals (Sigma-Aldrich, Vacija) 100 ml 99,5% ledus
etikskabes. Tika sagatavoti 0,1; 0,2; 0,4; 0,6 un 0,8 mM standartskidumi. 500 pl
plazmas vai seruma tika sajaukti ar 500 pl 4,0 mM TBA standart$kidumu. Katra
parauga absorbcija tika mérita pie 532 nm.
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3.2.7. Viena nukleotida polimorfismu (SNP) genotipésana

Tika genotipéti $adu génu SNP: ATM rs189037, PARPI rs1136410, XPA
rs1800975, XPC rs2228001, XRCC1 rs1799782 un XRCC1 rs25487. Praimeri tika
izstradati atbilsto$i intereséjosajam génam. PCR amplifikacijas iestatijjumi tika
izveleti atbilstosi praimeriem. Restrikcija tika veikta saskana ar intereséjosaja
géna esosajam restrikcijas vietam. PCR produktu un restrikcijas produktu kvali-
tati noveértéja ar géla elektroforézi. Parametri tika iestatiti atbilstosi aptuvenajam
fragmenta izméram.

3.2.8. Nakamas paaudzes sekvencé3ana

DNS integritati parbaudija ar Nanodrop (OD,4,/OD,g, jabtut diapazona
no 1,8 lidz 2,0). Sekvencésana tika veikta, pamatojoties uz Latvia MGI Tech
DNBSEQ-G400RS. Bibliotéka tika sagatavota manuali, izmantojot MGIEasy
FS DNA Library Prep Kit. Kvalitates kontrole tika veikta ar Qubit Fluorometer
(Thermo Fisher Scientific, ASV), un fragmenta lielums tika noteikts ar Agilent
4200 TapeStation (Agilent, ASV). Visi DNS paraugi tika sekvencéti, izmantojot
PE150 pieeju, kopa ar 310 nolasijumiem katra parauga (150 katram nolasijumam
un 10 svitrkodiem). Cilvéka paraugu sekvencésanas dzilums bija 30 reizes ar
aptuveni 80 Gb datu uz vienu paraugu. Zema parklajuma CNV analize, kas
veikta 60 paraugiem ar vidéjo dzilumu 1x vienam paraugam.

3.3. Statistiska analize

Lai noteiktu, vai skaitliskie dati atbilst normalajam sadalijjumam, tika
izmantoti Sapiro-Vilka vai Kolmogorova-Smirnova testi. Metodes izvéli noteica
izlases kopas lielums: n < 50 - Sapiro - Vilks; n > 50 - Kolmogorovs-Smirnovs.

Grupu salidzinajums tika veikts ar parametrisko t-testu, ja divas grupas
ievéroja normalo sadalijumu, un vienvirziena ANOVA testu, ja grupu skaits
bija lielaks par divam. Datiem, kas neietilpa normala sadalijuma, tika veikts
Manna-Vitnija tests divu grupu salidzinasanai un Kruskala-Vallisa tests vairaku
grupu salidzinasanai.

Pirms korelacijas analizes katram SNP tika aprékinats Hardija—Veinberga
lidzsvars. Biokimiska un genétiska biomarkiera korelacija tika novértéta ar
Pirsona r (datiem péc normala sadalijuma) vai Spirmena p (datiem arpus nor-
mala sadaljjuma) testiem.

Statistiska analize tika veikta, izmantojot IBM SPSS Statistics v25.0 pro-
grammatiiru. Korelacijas attéli tika sagatavotis ar Python3.

FastQ neapstradatie dati no sekvenatora DNBSEQ-G400RS tika augSupie-
ladéti HPC (no anglu valodas — High Performance Computing) platforma, un
automatiska kvalitates kontroles analize tika veikta, izmantojot MegaBOLT
visa genoma sekvencé$anas (WGS) metodi ar iebavétu uzlabotu SOAPnuke
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algoritmu. Genoma karté$ana tika veikta manuali, izmantojot Integrative
Genomic Viewer (IGV) v.2.11.9 (Broad Institute and the Reagent of University
of California; pieejams www.igv.org) programmatiiru.

Genotipésanas un sekvencé$anas SNP datu statistiska analize tika veikta,
izmantojot SNPstats tie$saistes statistikas riku (Katalonijas Onkologijas insti-
tats, Spanija; pieejams www.snpstats.net).
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4. REZULTATI UN DISKUSIJA

4.1. DNS bojajumi un oksidéto DNS bazu limenis

DNS bojajumu limenis (nosacitas vienibas), ko noteica ar sarmaino kométas
testu, bija lidzigs kopéja balto asins $inu frakcija (asinis) un izolétos PBMNC.
DNS bojajumu limenis gan kopéja balto asins $tinu frakcija, gan izolétos PBMNC
MS pacientiem bija augstaks neka kontroles grupa (6. att.).
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6. attéls. DNS bojajumu limenis (nosacitas vienibas - NV) asinis un izolétos PBMC
MS pacientiem (n = 26) un kontroles grupa (n = 22). Dati paraditi ka vidéjais
aritmeétiskais + SEM. # un *-p < 0,05 asinis un izoletos PBMC MS grupai pret
kontroles grupu.

Modificéta kométas testa rezultati (7. att. — 1. un 4.) liecina par paaugstinatu
DNS vienpavediena parravumu limeni pacientiem ar MS, salidzinot ar veseliem
cilvekiem. Sis novérojums papildina iepriek§minétos sirmaina kométas testa
rezultatus. Lai novértétu oksidéto bazu skaitu, dati par DNS bojajumiem tika
atnemti no enzimu izraisitu bojajumu datiem. Acimredzot oksidéto bazu limenis
ir lidzigs MS grupa (7. att. — 5. un 6.) un kontroles grupa (7. att. - 2. un 3.)
Individualas novirzes starp pacientiem bija loti mainigas, bet statistiski nozi-
migas at$kiribas netika sasniegtas (p = 0,919).
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7. attels. Modificéta kométas testa dati, kas parada DNS bojajumu limeni (nosacitas
vienibas - NV) un oksidéto bazu limeni PBMNC kontroles grupa un pacientiem ar MS.
1 - veselu subjektu kopéjais DNS bojajums; 2 un 3 - oksidéto bazu limenis veseliem
cilvékiem; 4 - kopéjais DNS bojajums pacientiem ar MS; 5 un 6 - oksidéto bazu
limenis pacientiem ar MS. Dati paraditi ka vidéjais aritmétiskais + SEM. # p < 0,05
pret kontroles grupu; oksidéto bazu limenis nebija statistiski nozimigs (p = 0,9190).

4.2. Slapekla oksida koncentracija asinis

Tie§s radika]u mérijums, kas iegiits ar EPR spektroskopiju, liecina par
palielinatu slapekla oksida koncentraciju asinis.

Vairaki pétijumi ir paradijusi, ka NO ir nozimiga loma MS patogenézé,
jo paaugstinata inducéjamas NO sintazes (iNOS) aktivitate ir glija un mito-
hondriju bojajuma gadijuma pirms demielinizacijas (Lan et al., 2018; Mancini
et al., 2018). Slapekla oksida metabolitu atskaidisanas dé] smadzenés slapekla
oksida metabolitu limenis ne vienmeér ir paaugstinats (Haghikia et al., 2015).

NO koncentracija (ng/g audu) bija augstaka pacientiem ar MS (8. att.), un
at$kiriba starp kontroles grupu un pétijuma grupu bija statistiski nozimiga
p < 0,0001.
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8. attels. NO koncentracija (ng/g audu) MS pacientu un veselu cilvéku (kontroles grupas)
asinis. Dati paraditi ka vidéjais aritmétiskais + SEM. # - p < 0,05 pret kontroles grupu.
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Ievérojamu kopéjo DNS bojajumu pieaugumu varétu but izraisijis oksida-
tivais stress ka viens no galvenajiem faktoriem, kas ietekmé DNS integritati.
Paaugstinata NO koncentracija domajams ir saistita ar palielinatu NO sintazes
aktivitati un NO vielmainas produktu uzkrasanos. Tadéjadi, lai apstiprinatu
$os pienémumus, bija nepiecieS$ama padzilinata analize.

4.3. Nitritu un nitratu koncentracija plazma un seruma

Iepriekséjos pétijumos ir zinots, ka nitritu un nitratu limenis (NOx) pacien-
tiem ar optisko neiromielitu ir lidzigs NOx limenim MS pacientiem (Haghikia
et al., 2015). NOx limenis seruma ir ievérojami paaugstinats pacientiem, kuri cie$
no akata diseminéta encefalomielita, salidzinot ar MS pacientiem (Fominykh
et al., 2016). Saskana ar Lan un lidzstradnieku pétijumu (Lan et al., 2018) iNOS
radita NO parprodukcija oligodendrocitos var bit atbildiga par NO metabolitu
koncentracijas palielinasanos asins plazma un seruma.

Ka redzams 9. attéla, veseliem individiem nitritu koncentracija plazma un
seruma ir viena limeni: plazma 0,64 + 0,02 uM (9. att.; kontroles grupa — P) un
seruma 0,65 + 0,04 pM (9. att.; kontroles grupa - S). Turpreti pacientiem ar MS nit-
ritu limenis plazma un seruma ir ievérojami augstaks neka veseliem cilvékiem, tur-
klat plazma nitritu koncentracija ir augstaka neka seruma: plazma 1,13 + 0,05 uM
(9. att.; pacienti ar MS - P) un seruma 0,79 £ 0,06 uM (9. att.; pacienti ar MS - §).
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9. attels. Nitritu koncentracija (uM) asins plazma un seruma pacientiem ar MS un
veseliem cilvékiem. P un S - attiecigi plazmas un seruma paraugi. Dati ir paraditi
ka vidéjais aritmétiskais + SEM. # un * p < 0,05 salidzinajuma ar kontroles grupu.

Nitratu koncentracijai (10. att.) ir lidziga tendence ka nitritu koncentracijai.
Proti, gan veselu cilvéku plazma, gan seruma nitratu Iimenis ir vienads - plazma
24,98 £ 1,20 uM (10. att.; kontroles grupa - P) un seruma 25,05 + 3,44 uM (10. att.;
kontroles grupa - S). Paraugi, kas nemti no pacientiem ar MS, liecina par lielaku
nitratu daudzumu gan plazma, gan seruma - plazma 33,67 + 2,97 uM (10. att.;
pacienti ar MS - P) un seruma 36,30 + 3,81 uM (10. att.; pacienti ar MS - S).
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10. attels. Nitratu koncentracija (uM) asins plazma un seruma pacientiem ar MS un
veseliem cilvékiem. P un S - plazmas un seruma paraugi. Dati ir paraditi ka vidéjais
aritmeétiskais + SEM. # un * p < 0,05 salidzinajuma ar kontroles grupu.

Saja pétijuma zinots par NOx limena paaugstinasanos MS pacientu seruma,
kas atbilst augstakam NOx limenim, kas zinots iepriek$éjos pétijumos par dau-
dzam citam demieliniz&josam slimibam.

4.4. MDA limenis plazma un seruma

Adamczuk un kolégu pétijuma (2017) noveértéts MDA limenis seruma MS
pacientiem, kas arstéti ar tris dazadam zalém, ka ari nesen diagnosticétiem MS
pacientiem. Pétijuma atklats, ka nesen diagnosticétiem pacientiem ar RRMS ir
visaugstakais MDA limenis seruma. MDA limenis ar zalém arstéto pacientu
seruma ir zemaks neka kontroles paraugos. (Adamczyk et al., 2017). Zemaks
MDA limenis ir pretruna ar Saif Eldeen un kolégu konstatéjumu, ka pacientiem
ar MS ir paaugstinats MDA limenis seruma (Saif Eldeen et al., 2019). Turpretim
Noroozi pétijuma ir atklats, ka pacientu seruma MDA ievérojami samazinas péc
arstéSanas ar IFN-P la (Noroozi et al., 2017).
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11. attels. MDA koncentracija plazma un seruma (uM), noteikta ar TBARS testu, P un
S - plazmas un seruma paraugi;. Dati ir paraditi ka vidéjais aritmeétiskais + SEM (uM).
# un * - nepara t-tests p < 0,05 salidzinajuma ar kontroles grupu.
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Rezultati, kas paraditi 11. attéla, liecina par MDA limena samazinasanos
MS pacientu plazma un seruma, salidzinot ar veseliem cilvékiem. Plazmas un
seruma kontroles paraugos ir attiecigi 5,33 + 0,19 uM MDA (11. att.; Kontroles
grupa — P) un 6,07 + 0,42 uM MDA (11. att.; Kontroles grupa - S). Attieciba uz
MDA limeniem MS pacientu plazma un seruma - 3,78 + 0,32 uM MDA (11. att.;
pacienti ar MS - P) un 4,95 + 0,23 pM MDA (11. att.; Pacienti ar MS - S).

4.5. DNS bojajumi un slapekla oksida metaboliti 1TTD

Visi dati izradijas statistiski nozimigi ar p vértibam < 0,001. Pacientiem
ar 1. tipa cukura diabétu bija augstaks DNS bojajumu limenis (12. att. - A)
neka kontroles grupa, bet ari augsta standarta kluda katra grupa. Nitratu un
nitritu gadijuma pacientiem ar 1. tipa cukura diabétu bija zemaks gan nitritu
(12. att. — B), gan nitratu (12. att. - C) limenis, ari ar augstam standarta kladam
abas pieejas.
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12. attéels. DNS bojajumi, seruma nitritu un nitratu koncentracija leikocitos veseliem
individiem un pacientiem ar 1. tipa cukura diabétu. (A) DNS bojajumu limenis
leikocitos, kas izteikts AU. (B) Seruma nitritu koncentracija (logl0 transforméta
y ass). (C) nitratu koncentracija seruma (sqrt-transforméta y ass).
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4.6. Saistibas starp MS biokimiskiem markeriem

Vissvarigakie novérojumi tika veikti, koreléjot NO limeni ar seruma nitritu
un plazmas MDA limeniem ar p vértibam 0,022 starp NO un seruma nitritu
limeni un 0,0049 starp NO un plazmas MDA limeni attiecigi. Abos gadijumos
ir vidéja apgriezta korelacija (korelacijas koeficienti svarstas no +0,40 lidz +0,60).
Tika ari novérota vél viena nozimiga korelacija starp plazmas MDA limeni
un nitritu limeni seruma ar p vértibu 0,0026. Korelacijas tika vizualizétas ka
siltuma karte 13. attéla.

g = g z <
5 £ E £ s &
=4 =] = e a > =
oL ) @ Iz @ P
2fg B & g & R
v & o S S IS IS E
ZEZ 9 = 5 = = 3
a2 Z = A ~ B a
- 1.0
DNS bojajumi limfocitos
NO limeni 0.8
Plazmas nitriti
o -0.6
Seruma nitriti
Plazmas nitrati
-0.4
Seruma nitrati N8 . 0.052 0.0013 0.035 1
Plazmas MDA | 0. RN 0.38 037 -0.2

Seruma MDA 0.46 . . 8 . 0.084 0.93

13. atteéls. Identificéto biokimisko MS markieru korelacijas karte. Nitritu limeni tika
analizéti ar Spirmena korelacijas testu (dati netbilda normalam sadalijuma), citas
korélacijas tika analizétas ar Pirsona testu. Skaitliskas vertibas atspogulo p vértibas
no tumsi zilas — nav korelacijas lidz tumsi sarkanai - nozimiga korélacija.

Pamatojoties uz pieradijumiem, ka NO var darboties arl ka antioksidants
lipidu peroksidacija (Violi et al., 1999), varétu domat, ka NO parmeériga veido-
$anas un lidz ar to ari augstaks ta metabolitu limenis (kas ir pieradits gadjjums
$aja MS pétijuma), noved pie MDA limenu krituma.

4.7. GenotipéSana

Viens veids, ka noteikt, vai izvélétais SNP ir saistits ar slimibu, ir parbaudit
novirzes no Hardija-Veinberga lidzsvara (HWE). Vieniga batiska novirze no
HWE (1. tabula) tika novérota XRCC1 rs25487 T>C (Pyyw = 0,000213).
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1. tabula. XRCCI1 rs25487 Hardija-Veinberga lidzsvara statistiskais nozimigums

MS kolékcija Statistiska analize starp
SNP Biezums, % (paraugu skaits) dzimumiem

Visi paraugi ‘ Sievietes ‘ Viriesi P, ‘ \A
XRCCI rs25487 T>C
MAF 54,17 53,33 57,14 0,66 0,03
CC 10,42 (10) 13,33 (10) 0(0)
CT 70,83 (68) 66,67 (50) 85,71 (18) 0,17 0,2
TT 18,75 (18) 20,00 (15) 14,29 (3)
Puv 2,13x 1074 1,40 x 1072 1,76 x 1073 - -

MAF - retas aléles biezums (minor allele frequency); Py — statistiska ticamiba starp sagaidamo un realo
genotipu sadali (Hardija-Veinberga vienadojuma analize). Biezaka aléle péc datu bazém treknraksta

4.8. SNP korelacija ar biokimiskajiem markieriem

Statistiska analize paradija, ka XRCCI rs25487 T>C SNP butiski korelé ar
DNS bojajumiem limfocitos ar p vértibu 0,0093 (14. att.). XRCC1 rs25487 SNP
arl uzrada tuvu statistiski nozimigai korelacijai ar NO (p = 0,079), nitritu limeni
seruma (p = 0,05), MDA limeni plazma (p = 0,059) un seruma MDA limeni
(p = 0,093). Cits ta pasa XRCC1 géna SNP rs1799782 G> A ari ir uzradijis tuvu
nozimigai korelaciju ar plazmas nitratu limeni.
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©
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XPA 151899975 037 | 0o MRS
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XPC1s2228001 044 035 058
XRCCI 151799782 06 0

XRCCI 1525487 EUIEREOVLN 0.67

14. attels. Korelacijas karte starp identificétajiem biokimiskiem MS markieriem un
SNP. Skaitliskas vértibas atspogulo p vértibas no tumsi zilas - nav korelacijas lidz
tumsi sarkanai - nozimiga korelacija.
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XRCCI rs25487 ieprieks noradija uz saistibu ar samazinatu arsté$anas atbil-
des reakcijas risku baribas vada véza gadijuma un paaugstinatu blakusparadibu
risku galvas un kakla véza gadijuma (Gong et al., 2021). Nemot véra paaugstinato
DNS bojajumu Iimeni limfocitos pacientiem ar MS, $is SNP patiesam varétu bt
saistits ar DNS bojajumiem MS gadijuma. Kim, (2017) pétijums noradija, ka
slapekla oksidam patie$am ir mutagéna iedarbiba un tas spéj radit punktveida
mutacijas noteiktos génos. Nemot to véra, varétu pienemt, ka NO varétu bt
XRCC1 mutacijas iemesls.

4.9. Zema parklajuma NGS CNV analize

Lai gatu prieksstatu par NGS rezultatiem MS pacientiem, tika analizéti
60 MS paraugi. Katram paraugam bija aptuveni 1x lidz 2x sekvencésanas
dzilums. Siem paraugiem tika veikta zemas kvalitates sekvéncu filtrésana, izli-
dzinaana un kopiju skaita variaciju noteiksana. Sekvencésanas rezultati paraditi
ka siltuma karte (15. attéls).

15. attels. 60 MS paraugu un 2 kontroles paraugu CNV rezultats, kas ir ekstrapoléts
siltuma karté. Zalas kastes — augsta parklajuma kontroles paraugu regioni.
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Nemot véra zema parklajuma datu ierobezojumus, galvenokart tika apla-
koti fragmenti lidz 1Mb lielumam. Lielas fragmenta variacijas galvenokart tika
konstatétas Chrl (142535434-143544526), Chr6 (28558850-33388655), Chr9
(39183701-70174238), Chrl5 (20629741-22297018), Chrl7 (43385820-44770816)
un Chr21 (9411193-14398134) regionos.

Chr6 delécija un Chr21 amplifikacija bija arl 2 normalos paraugos. Tas
norada, ka $ie gadijumi var nebut saistiti ar MS. Ipasi zema parklajuma frag-
menti rada ilaziju par deléciju Chr6 regiona, tacu to zemas sakritibas ar refe-
rences genomu dé] tos var ari nenemt véra. Chr9: 39183701-42364337 regiona
ir ievérojams heterozigotitates zudums 11 paraugiem no 60, kas lauj pienemt,
ka $is regions varétu bt saistits ar MS attistibu.

4.10.Ar MS saistito un slapekla oksida sintazu génu SNP

Pamatojoties uz iepriekséjiem zinojumiem par saistibu ar IFN-f arstésanu
(Bourguiba-Hachemi et al., 2016), tika izvéléti septini ar MS saistito génu
SNP rs2229857 (ADAR), rs12557782 (GRIA3), rs733254 (ZFAT), rs9527281
(STARD13), rs11787532 (ZFHX4), rs2248202 (IFNAR2) un rs7308076 (CIT).
Turklat tika identificéts cita DNS reparacijas géna SIRT6 SNP rs350845, kas ir
atbildigs par novecosanu. Acimredzamakas novirzes $aja gadjjuma ir rs2229857
ar nedaudz augstaku alternativas aléles T biezumu (0,38) eksperimentalajos
datos (16. att.); rs12557782 ar ievérojamu references aléles A biezuma pieau-
gumu (0,71) un alternativas aléles G biezuma samazinasanos (0,29); rs2248202
ar milzigu references aléles A biezuma pieaugumu (0,88) un alternativas aléles
C biezuma samazinasanos (0,12).

14
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16. attels. MS saistito génu SNP alélu bieZuma NGS eksperimentalo datu salidzinajums
ar NCBI datu bazi.
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Tika izveértéti sesi NO metabolisma regulé$anas génu NOSI un NOS2 SNP
(tris katram génam). Alélu biezumi tika salidzinati ar NCBI datu bazi (17. att.),
un konstatéts ka visi tris NOS1 SNP rs1047735, rs374175 un rs2682826 parada
at$kiribas no NCBI datiem.

12

rs1047735 rs374175 rs2682826 rs944725 rs2248814 rs2255929
1 r L 1 r . |l r . il r 1 |l r A 1 r L 1
0.8
0.6
0.4
0

G A G A G A c T G A T A

B NCBI Globali M NCBI Eiropa % Eksperimentali

17. attéls. NOS1 un NOS2 SNP alélu bieZumu salidzinajums ar NCBI.
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5. SECINAJUMI

DNS vienpavediena parravumu limenis ir ievérojami paaugstinats MS un
ITD pacientiem, salidzinot ar veseliem cilvékiem (kontroles grupu), gan
asinis, gan izolétas periféro asinu mononuklearajas $anas. Turpreti oksidéto
bazu limenis neuzradija nekadas atskiribas starp MS pétijuma grupu un
kontroles grupu.

Slapekla oksida koncentracija asinis ir ievérojami palielinata gan MS gan
ITD pacientiem, salidzinot ar kontroles grupu. Nitritu un nitratu limenis
ari liecina par ievérojamu pieaugumu MS pétijuma grupa, salidzinot ar
kontrol, bet kritumu 1TD pétjjuma grupa.

Salidzinot ar veseliem cilvékiem, pacientiem ar MS ir pazeminats MDA
limenis gan plazmas, gan seruma paraugos.

Pastav butiskas korelacijas starp NO un nitritu limeni seruma; NO un plaz-
mas MDA limeni; seruma nitritiem un seruma nitratiem; plazmas nitritiem
un plazmas MDA limeni

MS pacientu plazmas nitritu limenis ir saistits ar dzimumu, un seruma
nitritu limenis ir saistits ar EDSS raditaju.

XRCCI géna SNP rs25487 uzrada saistibu ar MS, pamatojoties uz HWE
analizi, tomér ir nepiecieSama turpmaka izmeklésana.

XRCCI géna SNP rs25487 ir saistits ar DNS bojajumiem un ar NOx lime-
niem. Si géna C aléle un TT genotips ir saistitas ar plazmas un seruma MDA
limeniem.

Pamatojoties uz NGS datiem, Chr9 regions ir daudzsoloss priek§mets turp-
makajiem pétijumiem, NOS1 géna SNP rs1047735, rs3741475, rs2682826 ir
potenciali saistiti ar MS, un GRIA3 rs12557782 SNP uz ChrX ir daudzsoloss
priek$mets turpmakajiem pétijjumiem.
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6. TEZES AIZSTAVESANAI

DNS bojajumi, ko izraisa vienpavediena parravumi, kopa ar PARPI géna
SNP rs3219090 un XRCCI géna SNP rs25487 liecina par spécigu saistibu
ar MS.

MS pacientiem ir paaugstinats slapekla oksida limenis, kam, iespé&jams, ir
pozitiva korelacija ar NOSI géna SNP, kuri ir saistiti ar MS.

Dati par MS zemaku MDA limeni MS pacientiem salidzinot ar veseliem
cilvékiem skiet pretrunigi, tacu tie var but saistiti ar NO antioksidativam
ipasibam

T1D un MS uzrada lidzigu tendenci ar paaugstinatu DNS bojajumu limeni,
bet at$kiras NO metabolitu gadijuma
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ABSTRACT

Multiple sclerosis (MS) and type 1 diabetes (T1D) are both chronic autoim-
mune diseases. The progression of both diseases shares a common autoimmune
nature, but the targeted organs are different. In case of MS autoimmunity directly
affects neuronal myelin sheath, gradually diminishing signal transduction into
the brain, thus limiting even basic abilities of the patient. In T1D pancreatic cells
are targeted, resulting in insulin deficiency and inability to metabolize glucose.
Some studies indicate that MS patients have increased chances to develop T1D,
thus both diseases might have some common mechanisms. With T1D affecting
more people worldwide than MS, it is a relatively well-studied disease when
the two are compared. MS on the other hand still have a lot of uncertainties in
pathophysiology. MS can be diagnosed by MRI scans of the brain or spinal cord,
and interferon-based therapies can be applied to successfully slower the progres-
sion. However, MS is only diagnosed when symptoms of different severity occur
and there is currently no practical way of identifying MS in its early stages.

The main objective of this study was to test different biochemical and genet-
ical biomarkers and evaluate their association with MS. Whole blood of MS and
T1D patients was collected, lymphocytes were isolated, DNA was extracted and
a set of biochemical and genetical tests were performed. Significant increase in
DNA damage was observed for T1D and MS patients, but levels of nitric oxide
metabolites (NOx) were elevated in MS patients, and lower in T1D patients when
compared to the healthy subjects. MDA level evaluation showed a significant
decrease in the MS study group, which also showed association with NOx level,
but no associations with disease modifying therapies (DMTs). Genotyping was
performed for the most potent SNPs in DNA repair genes (ATM, PARP1, XPC,
XPA and XRCCI). SNPs for potential MS candidate genes (ADAR, GRIA3, ZFAT,
CIT, IFNAR2, STARDI13, ZFHX4) together with NOS1 and NOS2 SNPs were
additionally analyzed by NGS. Statistically significant results were observed
for PARP1 and XRCCI associations with NOx and MDA levels of MS patients.
NOSI SNPs linkage disequilibrium analysis has also shown a promising statis-
tical significance. Additionally, low coverage copy number variation analysis
was performed and an insight for future perspective was noted.
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1. INTRODUCTION

1.1. Etiology and mechanism of Multiple Sclerosis

Multiple Sclerosis (MS) is a chronic autoimmune neurodegenerative disease
that affects central nervous system. The precise cause of MS is still not clear,
however possible mediating factors of MS development is widely described. One
of the causes of MS is demyelination caused by the lymphocytes that penetrate
blood-brain barrier (BBB) and initiate local inflammation. (Balasa et al., 2021;
Tafti et al., 2022).

Women are about twice more susceptible to MS then men. The disease pre-
dominantly targets individuals between 20 and 40 years, and more than 2 mil-
lion people are suffering from MS worldwide. (Coyle, 2021; Huang et al., 2017).

Myelin is the main component of myelin sheath covering the body of nerve
cells and supporting the signal transduction from one nerve cell to another
(Mallucci et al., 2015). Reduced signal transduction leads to deterioration of
nervous system and causes limitation to senso-motoric function of the organ-
ism. Depending on which neuron is damaged consequential symptoms will
be different and range from impaired memory to general fatigue (Garg and
Smith, 2015). Most common symptoms of demyelination (MS in particular) are
weakness, painful muscle spasms, fatigue, neuralgia, depression, subtle cognitive
difficulties, and seizures (Ghasemi et al., 2017; McGinley et al., 2021).

1.2. Progression and evaluation of Multiple Sclerosis

70 to 80% of patients suffer from MS in a relapsing-remitting (RR) way.
Relapses trigger new neurological problems or worsen preexisting conditions. In
most cases, relapses last for more than 48 hours and develop over a few days or
weeks (Lane and Yadav, 2020; Tafti et al., 2022).

Within 10 to 15 years of MS onset, 50% of RRMS patients enter a progressive
phase of the disease. MS symptoms steadily worsen during this progressive
phase, referred to as secondary progressive MS (SPMS). The third form of MS
called primary progressive MS (PPMS) is characterized by progressive worsen-
ing from its onset and occurs in 15 to 20% of MS cases. The fourth type of MS
is known as progressive-relapsing (PR) MS: it occurs in 5% of patients and is
characterized by gradual degeneration and superimposed relapses (Lane and
Yadav, 2020; Tafti et al., 2022).

1.3. Link between type 1 diabetes and multiple sclerosis

Type 1 diabetes (T1D) and MS both share common chronic and autoim-
mune nature (Pozzilli et al., 2022). Even though T1D and MS are considered
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autoimmune diseases specifically targeting different organs, both diseases, as
expected, share etiologic and pathologic features (Handel et al., 2009). Studies
indicate that patients with MS are more susceptible to developing T1D when
compared to the general population (Pozzilli et al., 2022; Tettey et al., 2015).

Autoimmunity is usually described in terms of white blood cells, with
T-cells, B-cells and macrophage as key components of immune response
(Dong et al., 2016; Ingwersen et al., 2016; Ma et al., 2019; Zacca et al., 2021).
Interestingly, erythrocytes might also play important role in pathogenesis of
autoimmune diseases. White blood cells make up roughly 1% of total blood
volume. The remaining circulatory components are plasma with about 55% of
total volume and red blood cells (RBC) which account for about 45% of the total
volume (Geiger et al., 2022). Despite the fact that RBC are prevalent in the blood
stream, they are usually neglected as a part of immune response, due to the lack
of nucleus or internal organelles. The lack of organelles is compensated by
the variety of functionally active receptors and transporters in the membrane
(Crisp et al., 2016). It also known that RBC participate in the release of key
immune response molecules ATP and nitric oxide (NO). In fact, the reports
have shown certain abnormalities in levels of these molecules when investigated
in the scope of autoimmune diseases (Geiger et al., 2022).

1.4. Metabolic products as indicators of
oxidative and nitrosative stress

Uncontrolled oxidative stress, the mismatch between prooxidants and anti-
oxidants, can cause oxidative damage to cells, tissues, and organs. Lipids have
long been affected by radicals and reactive oxygen species (ROS). There are many
mechanisms that lead to ROS production, including enzymatic reactions and/or
autooxidation of different compounds, such as catecholamines and hydroquinone.
The primary sources of ROS are mitochondria, plasma membrane, endoplasmic
reticulum, and peroxisomes (Janku et al., 2019; Sun et al., 2020). It is important
to note that the liver produces ROS as a result of numerous exogenous sources,
including ionizing radiation, ultraviolet rays, tobacco smoke, pathogen infections,
chemicals in the environment, and herbicides/insecticides (Ayala et al., 2014).

For many years, since lipid peroxidation of omega-3 and omega-6 fatty
acids can be readily detected using MDA in combination with thiobarbituric
acid (TBA), MDA has been used as an inexpensive biomarker for lipid per-
oxidation (Ito et al., 2019; Mas-Bargues et al., 2021). After TBA reacts with
MDA in the TBA test, an intensely colored chromogen fluorescent red adduct
is produced; this method was initially developed by food chemists in order to
assess the autooxidative degradation of fats and oils. It should be noted that
the TBARS (thiobarbituric acid reacting substances) test is notoriously nonspe-
cific, which has led to substantial controversy with respect to its use as a means
of determining the level of MDA from in vivo samples.
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NO that causes nitrosative stress, plays an important role in many aspects
of human health that also include excitotoxicity, protein modification, and
other processes that are pathophysiological. The nitric oxide synthase (NOS) in
mammals produces NO by breaking down L-arginine into L-citruline molecules
(Akanyji et al., 2020; Correa—Aragunde et al., 2018). In recent studies, three NOS
isoforms have been positively identified - endothelial NOS (eNOS), inducible
NOS (iNOS), and neuronal NOS (nNOS) (Wang et al., 2020).

There is no doubt that NO plays an important role in the normal function-
ality of the human body, but it also has pathophysiological effects on the body.
Through various mechanisms, NO reacts with a wide variety of oxygen species
in the cellular environment to produce highly reactive molecules that damage
cellular components on a molecular level (Fairless et al., 2021).

1.5. DNA damage and reactive oxygen species

There are two main types of DNA damage: endogenous and exogenous.
During endogenous DNA damage, reactive oxygen species (ROS) and water,
which are naturally present in cells, are involved in hydrolytic and oxidative
reactions with chemically active DNA. A number of genetic diseases and spo-
radic cancers are caused by these inherently predisposed interactions between
DNA and molecules from its immediate surroundings (Perrone et al., 2016;
Reuter et al., 2010; Visconti and Grieco, 2009). As opposed to endogenous DNA
damage, exogenous DNA damage occurs when physical, chemical, and environ-
mental agents damage the DNA. Alkylating agents, UV and ionizing radiation,
and crosslinking agents are examples of these (Chatterjee and Walker, 2017).

A variety of chemical and physical agents can lead to highly toxic DNA
double strand breaks (Cannan and Pederson, 2016). Many human disorders
and cancers have been linked to unresolved DSBs (Tiwari and Wilson, 2019).

1.6. MS-candidate genes

ATM gene is located on Chrll: 108 223 044-108 369 102; 11q22.3
(Fig. 1), has the size of 146 059 bases and a plus strand orientation (“Gene:
ATM (ENSG00000149311) — Summary — Homo_sapiens — Ensembl genome
browser 1077).

Chr11!

Figure 1. ATM Gene in genomic location: bands according to Ensembl, locations
according to GeneLoc (Gene: ATM (ENSG00000149311) - Summary - Homo_sapiens —
Ensembl genome browser 107)
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PARPI1 gene is located on Chrl:226 360 210-226 408 154; 1q42.12 (Fig. 2),
has the size of 47 403 bases and a minus strand orientation (“Gene: PARP1
(ENSG00000143799) - Summary — Homo_sapiens - GRCh37 Archive
browser 107”).
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Figure 2. PARP1 Gene in genomic location: bands according to Ensembl (Gene: PARPI
(ENSG00000143799) - Summary — Homo_sapiens — GRCh37 Archive browser 107)

XPA gene is located on chr9:97 654 398-97 697 340; 9q22.33 (Fig. 3),
has the size of 47 403 bases and a minus strand orientation (“Gene: XPA
(ENSG00000136936) — Summary - Homo_sapiens - GRCh37 Archive
browser 107”).
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Figure 3. XPA Gene in genomic location: bands according to Ensembl (Gene: XPA
(ENSG00000136936) - Summary - Homo_sapiens — GRCh37 Archive browser 107).

XPC gene is located on chr3:14,145,147-14,178,621; 3p25.1 (Fig. 4),
has the size of 33 475 bases and a minus strand orientation (“Gene: XPC
(ENSG00000154767) - Summary - Homo_sapiens - Ensembl genome
browser 1077).
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Figure 4. XPC Gene in genomic location: bands according to Ensembl (Gene: XPC
(ENSG00000154767) - Summary - Homo_sapiens — GRCh37 Archive browser 107)

XRCCI gene is located on Chr19:43 543 311-43 580 473; 3p25.1 (Fig. 5),
has the size of 37 163 bases and a minus strand orientation (“Gene: XRCC1
(ENSG00000073050) - Summary - Homo_sapiens — Ensembl genome
browser 1077).
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Figure 5. XRCC1 Gene in genomic location: bands according to Ensembl (Gene: XRCCI
(ENSG00000073050) - Summary - Homo_sapiens — GRCh37 Archive browser 107).

The protein encoded by SIRT6 gene belongs to the sirtuin family of NAD-
dependent enzymes that plays key roles in cellular stress resistance, genomic
stability, aging, and energy homeostasis. DNA repair, telomeric chromatin
maintenance, inflammation, lipid and glucose metabolism, and DNA repair
are some of the functions of this encoded protein. Transcripts encoding different
isoforms can result from alternative splicing (SIRT6 sirtuin 6 [Homo sapiens
(human)] - Gene — NCBI).

A whole genome research published by Comabella et al in 2009 described
the association of SNPs with IFN-f therapy response (Comabella et al.,
2009). Among the top-scoring intragenic SNPs, there are those in the following
genes: Zinc finger and AT hook domain containing (ZFAT), glutamate receptor,
ionotropic, AMPA 3 (GRIA3), StAR-related lipid transfer (START) domain con-
taining 13 (STARDI3), adenosine deaminase, RNA-specific (ADAR), zinc finger
homeobox 4 (ZFHX4), interferon (a, p and w) receptor 2 (IFNAR2) and citron
Rho-interacting serine/threonine kinase (CIT) (Bourguiba-Hachemi et al., 2016).

42



2. AIMS AND TASKS

Aim of the study: To test different biochemical and genetical biomarkers for
their association with autoimmunity with respect to MS and T1D.

Tasks to reach the aim:

1.

Ll

To evaluate DNA damage in MS and T1D, and oxidized bases in whole blood
and lymphocytes of MS patients and compare it to the healthy subjects

To evaluate levels of NO in plasma and serum of MS and T1D patients and
compare it with the healthy subjects.

To evaluate levels of MDA in plasma and serum of MS patients.
Investigate the association between each biochemical marker

Investigate the association between biochemical markers and patient clinical
descriptors

Identify possible SNPs in DNA repair genes ATM, PARPI, XPC, XPA,
XRCCI and evaluate their significance.

Investigate the association of SNPs with biochemical markers.

Evaluate possible CNV with low-coverage NGS, and identify other SNPs
that might be relevant to the topic of this study with 30x coverage NGS.
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3. METHODS

Blood was collected by the professional medical staft in the Latvian Maritime
Medicine Center. Permission of the Central Medical Ethics Committee of
the Republic of Latvia No 1/17-10-10 (issued 10.10.2017) was received to perform
this study. Informed consent was obtained from every participant of the study.

3.1. Study design and patient choice for each experiment

Blood was obtained by vein puncture and collected in plastic capillaries
with heparin (Microvetter CB 300, Sarstedt, Germany) for EPR spectrometry
and with EDTA (BD Vacutainer K2E EDTA 10.8 mg, BD-Plymouth, UK) for
comet assay.

SNP genotyping was performed on 96 patients as a cohort study. Biochemical
analysis (comet assay, detection of NO, levels of nitrates and nitrites, levels of
MDA) study group involved 26 volunteers from the doctor’s appointment and
within the 96-patient collection.

The 96-sample study group contained 78.1% females and 21.9% males with
the female to male ratio of around 4:1. 43.8% of patients had RRMS subtype,
and 56.2% of patients developed SPMS stage. Average age of the study group was
50.7 £ 10.7 years with the median value of 51.5 and IQR of 16 years.

Healthy subjects were volunteers who agreed to participate in the study
and signed the informed consent. Healthy subjects were used as controls only if
there were no documented evidence of any chronic and autoimmune diseases.
Control group for comet assay and EPR involved 22 healthy subjects: 7 males
and 15 females of 21 to 55 years (average age of the group 30.6 + 3.2 years). Nitric
oxide metabolite and MDA control group involved 25 healthy subjects: 4 males
and 21 females of 20 to 43 years (average age of the group 34.2 + 1.7 years).

T1D study group involved 71 patients (45 males and 55 females) with
the median age of 33 (27.0 — 44.5) years. T1D control group involved 57 healthy
subjects (39 males and 61 female) with the median age of 24 (21 - 31) years.

60 samples from the 96-sample collection were randomly chosen for NGS
CNYV analysis and 12 DNA samples for 30x coverage NGS analysis.

3.2. Laboratory methods

3.2.1. Plasma and serum preparation

Whole blood was collected into EDTA treated tubes BD Vacutainer K2E
EDTA 10.8 mg, (BD-Plymouth, UK) for plasma preparation and into EDTA-free
tubes (BD-Plymouth, UK) for serum preparation. Samples were then centrifuged
at 1500 x g, supernatant removed, and 0.5 mL aliquots were prepared.
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3.2.2. Peripheral blood mononuclear cell (PBMC) and DNA isolation

PBMC isolation was performed according to the standard Hitopaque-1077
protocol provided by Sigma-Aldrich.

DNA isolation was performed according to the standard technique by
separating liquid phase from the cell pellet and then adding 3 mL lysis buffer
(10 mM TRIS, 0.4 M HCl, 0.32 M sucrose, 5 mM MgCl,, 1% Triton-X 100,
pH = 7.5). After the centrifugation following lysis pellet was resuspended in
1.5 mL resuspension buffer (120 mM NaCl, 15 mM EDTA, pH = 8.0). Proteinase
K, RNAse and 10% SDS were added to the resuspension and incubated for
2 hours 56 °C. 5 M NaCl solution was added, the mixture was centrifuged,
supernatant was transferred into the new tube and 96% ice cold EtOH was
added. After the overnight incubation at -20 °C cell pellet was isolated and
washed with 70% EtOH. Supernatant was discarded and pellets were resuspended
in H,O.

3.2.3. The single-cell gel electrophoresis (alkaline comet assay)

Microscope glass slides were precoated by 0.5% type III agarose (Sigma-
Aldrich, Germany). Fresh blood (or isolated PBMC) was mixed with 120 uL
preheated 1% low-melting agarose (Sigrma-Aldrich, Germany) and 100 puL of
mixture were placed on the slide. Cell membranes were lysed by placing the slide
into cold lysis buffer (2.5 M NaCl, 10 mM Na,EDTA, 10 mM Tris, pH 10
[AppliChem, Germany], 1% Triton-X 100, 5% DMSO [Sigma-Aldrich, Germany])
for 1 h - 24 h. After the lysis cells were placed into the electrophoresis chamber
filled with the unwinding buffer (1 mM Na,EDTA, 300 mM NaOH, pH 13.2)
and kept for 20 minutes in total darkness at 4 °C. Electrophoresis was then
run in the same buffer for 20 minutes at 300 mA and 1 V/cm. Slides were then
air dried and washed with 0.4 M Tris buffer (pH 7.5) twice for 5 minutes each
time. Slides were then neutralized and fixed with 96 % EtOH for 10 minutes and
then stained with ethidium bromide. Samples were analyzed with a fluorescence
microscope (Leica DFC295) equipped with 515 — 560 nm excitation filter and
590 nm barrier filter. Cells were visually graded into 5 classes Ay — A4) from class
0 (undamaged. No discernible tail) to class 4 (almost all DNA in tail, insignifi-
cant head). DNA damage index (D) in arbitrary units was calculated as follows:
D=A+2xA,+3xA;+4xA,

Modified comet assay generally followed the same procedure with
the addition of incubation step in enzyme reaction solution (40 mL HEPES
[Sigma-Aldrich, Germany], 0.1 M KCI [Sigma-Aldrich, Germany], 0.5 mM EDTA
[Sigma-Aldrich, Germany], 0.2 mg/mL BSA [Sigma-Aldrich, Germany], pH 8)
following the addition of formamidopyridine DNA - glycosylase (Fpg [NEB,
UK]) and endonuclease III (Endolll, [NEB, UK]) enzymes on top of the slides,
after the lysis.
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3.2.4. Detection of NO by EPR spectroscopy

1 mL of fresh blood was stirred and incubated with 20 mg of diethyldith-
iocarbamate (Sigma-Aldrich, Germany). 0.4 mL were aspirated into an insulin
syringe and immediately frozen in liquid nitrogen. The frozen cylinder was
extruded from the syringe and placed in a quartz finger Dewar flask ER 167
FDS-Q (Bruker, Karlsruhe, Germany) filled with liquid nitrogen. NO con-
centration was detected measuring the NO component in the spectrum of
Fe-DETC-NO. For quantitative measurements the nitrogen triplet component
(g = 2.031) height was measured and compared to the calibration curve. EPR
spectra were recorded in liquid nitrogen using the EPR spectrometer Radiopan
SE/X2544 (Poland). Conditions of EPR measurements were: 25 mW microwave
power, 9.24 GHz microwave frequency, 100 kHz modulation frequency, 0.5 mT
modulation amplitude, and 5 x 10° receiver gain.

3.2.5. Nitrite and nitrate measurements in serum and plasma

Chemiluminescence detector Sievers NOA-280i (Analytix, UK) was used
for detection on nitrites and nitrates.

For nitrite measurements a series of NaNO, standard dilutions were pre-
pared. mV values were measured for 1 uM NO,~, 5 uM NO,~, 10 uM NO,~ and
50 uM NO,™ and calibration curve was constructed with the linear equation.

For nitrate measurements a series of NaNO, standard dilutions were pre-
pared. mV values were measured for 1 uM NO;~, 5 uM NO;~, 10 uM NO;~ and
50 uM NO;™ and calibration curve was constructed with linear equation.

50 pL of each plasma or serum sample were injected into the 5 mL of reduc-
ing agent (50 mg Nal [Sigma-Aldrich, Germany] in 0.5 mL deionized water
and mixing with 4.5 mL glacial acetic acid [Sigma-Aldrich, Germany]). Nitrite
concentrations were calculated from the calibration curve.

50 pL of each plasma or serum sample were injected into the 100 mL of
the reducing agent (0.8 g VCl; [Sigma-Aldrich, Germany] in 1 M HCI [Sigma-
Aldrich, Germany] and filtered through the filter paper). Nitrate concentrations
were calculated from the calibration curve.

3.2.6. MDA detection with TBARS assay

Measurements were performed by Lambda 25 UV-VIS spectrometer
(PerkinElmer, UK) in 1 cm thick single-use cuvettes (Sarstedt, Germany).
4.0 mM TBA standard solution was prepared by dissolving 57.66 mg TBA
(Sigma-Aldrich, Germany) in 100 mL 99.5% glacial acetic acid (Sigma-Aldrich,
Germany). 1 mM MDA standard stock solution was prepared by dissolving
31.35 mg malondialdehyde tetrabutylammonium salt (Sigma-Aldrich, Germany)
in 100 mL 99.5% glacial acetic acid. 0.1, 0.2, 0.4, 0.6, and 0.8 mM standard
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solutions were prepared. 500 pL of plasma or serum were mixed with 500 pL
4.0 mM TBA standard solution. The absorption of each sample was measured
at 532 nm.

3.2.7. Single Nucleotide Polymorphisms (SNP) genotyping

ATM rs189037, PARP1 rs1136410, XPA rs1800975, XPC rs2228001, XRCC1
rs1799782 and XRCC1 rs25487 were genotyped. Primers were designed accord-
ing to the gene of interest. PCR amplification settings were chosen according to
the primers. Restriction was performed according to the present restriction site
within the gene of interest. Quality control of PCR product and restriction was
evaluated by gel electrophoresis. Parameters were set according to the estimate
size of the fragment.

3.2.8. Next Generation Sequencing

DNA integrity was verified by Nanodrop (OD,,/OD,g, should be within
1.8-2.0 range). Sequencing was performed based on the Latvia MGI Tech
DNBSEQ-G400RS. Library was prepared manually with MGIEasy FS DNA
Library Prep Kit. Quality control was performed by Qubit Fluorometer
(Thermo Fisher Scientific, USA) and fragment size was detected by Agilent
4200 TapeStation (Agilent, USA). All DNA samples were sequenced as a PE150
approach with a total of 310 reads per sample (150 for each read and 10 for
barcodes). Sequencing depth for human samples was 30x with around 80 Gb
of data per sample. Low coverage CNV analysis for performed for 60 samples
with an average depth of 1x per sample.

3.3. Statistical analysis

Shapiro-Wilk or Kolmogorov-Smirnov tests were used to determine whether
the numerical data follow normal distribution. Method choice was defined by
the size of the sample pool: n < 50 — Shapiro-Wilk; n > 50 - Kolmogorov-Smirnov.

Group-wise comparison was done by parametric t-test if two groups were
following normal distribution, and one-way ANOVA test if group count was
more than two. For data that was not within the normal distribution Mann-
Whitney test was performed for two group comparison, and Kruskal-Wallis
test for multiple groups comparison.

Prior to correlation analysis Hardy-Weinberg equilibrium was calculated
for each SNP. The biochemical and genetic biomarker correlation was estimated
by Pearson r (for data following normal distribution) or Spearman p (for data
outside the normal distribution) tests.

Statistical analysis was performed using the IBM SPSS Statistics v25.0
software. Heatmaps were prepared with Python3.
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FastQ raw data from DNBSEQ-G400RS sequencer were uploaded to HPC
and the automatic QC analysis was performed through the MegaBOLT Whole
Genome Sequencing (WGS) pipeline with the built-in enhanced SOAPnuke
algorithm. Genome mapping was performed manually by Integrative Genomic
Viewer (IGV) v.2.11.9 open-source software (Broad Institute and the Reagent of
University of California; available at www.igv.org).

Genotyping and sequencing SNP data statistical analysis was performed
using the SNPstats online statistical tool (Catalan Institute of Oncology, Spain;
available at www.snpstats.net).
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4. RESULTS AND DISCUSSION

4.1. DNA damage and levels of oxidized DNA bases

Compared with the general fraction of white blood cells, the damage levels
of isolated PBMNCs showed similar results, as did the differences between
patients and controls (Fig. 6).
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Figure 6. Level of DNA damage (arbitrary units) in whole blood cells and PBMNCs
of MS patients (n = 26) and controls (n = 22). Data are presented as mean + SEM
(arbitrary units). # and *- p < 0.05 of whole blood and PBMNCs of MS group vs.
control group.

Modified comet assay results (Fig. 7 - 1 and Fig. 7 — 4) show an increased
level of DNA single-strand breaks in patients with MS compared with the healthy
subjects. This observation supplements previous alkaline comet assay results.
To evaluate the number of oxidized bases, DNA damage data was subtracted
from the enzyme induced damage data. Apparently, the level of oxidized bases
is similar in the MS (Fig. 7 - 5 and 6) and control groups (Fig 7 - 3 and 4).
Individual deviations between patient were highly variable, but statistically
significant differences were not reached (p = 0.919).
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Figure 7. Modified comet assay data showing DNA damage levels and levels of oxidized
bases (arbitrary units) in PBMNC of healthy controls (n = 22) and patients with MS
(n=26). 1 - Total DNA damage of healthy subjects; 2 and 3 - levels of oxidized bases in
healthy subjects; 4 - total DNA damage of patients with MS; 5 and 6 - levels of oxidized
bases in patients with MS. Data are presented as mean + SEM (arbitrary units). # p <0.05
vs. the control group; levels of oxidized bases were not statistically significant (p = 0.9190).

4.2. Nitric oxide production

A direct measurement of the radical, obtained by EPR spectroscopy, pro-
vides evidence of increased production of nitric oxide in blood.

Several studies have shown that NO plays an important role in the patho-
genesis of MS, with inducible NO synthase (iNOS) being overactive in glia cases
and mitochondrial damage preceding demyelination (Lan et al., 2018; Mancini
et al., 2018). Because of nitric oxide metabolite dilution in the brain, the level of
nitric oxide metabolites is not always elevated. (Haghikia et al., 2015).

The level of NO production also appeared to be higher in patients with MS
(Fig. 8), and the difference between the control group and the study group was
statistically significant p < 0.0001.
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Figure 8. Rate of NO production in the blood of MS patients and healthy controls (ng/g
tissue). Data are presented as mean + SEM (arbitrary units). # - p< 0.05 vs. control group.
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A significant increase in overall DNA damage might have been caused by
oxidative stress as one of the primary factors affecting DNA integrity. Elevated
levels of NO production give an idea that nitric oxide synthase (NOS) overpro-
duction and accumulation of NO metabolic products might be the case. Thus,
a more in-depth analysis was required to confirm these assumptions.

4.3. Nitrite and nitrate levels in plasma and serum

Previous studies have reported that nitrite and nitrate levels in serum of
patients with neuromyelitis optica are similar to NOx levels in MS patients
(Haghikia et al., 2015). The serum levels of NOx are significantly increased in
patients suffering from acute disseminated encephalomyelitis compared to MS
patients (Fominykh et al., 2016). According to (Lan et al., 2018) the overproduc-
tion of NO in oligodendrocytes by iNOS might be responsible for the increase
of NO metabolites in blood plasma and serum.

According to results shown on Fig. 9, nitrite concentration in plasma and
serum of healthy subjects are on the same level - 0.64 + 0.02 uM (Fig. 9; Control
group - P) in plasma and 0.65 + 0.04 pM (Fig. 9; Control group - S) in serum.
On the other hand, overall levels of nitrites in plasma and serum of patients with
MS are significantly higher than healthy subjects. However, nitrite concentration
in plasma appeared to be higher than in serum - 1.13 £ 0.05 uM (Fig. 9 Patients
with MS - P) in plasma and 0.79 + 0.06 uM (Fig. 9; Patients with MS - S) in
serum.
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Figure 9. Concentrations of nitrites determined in human blood plasma and serum
of patients with MS and healthy subjects. P and S - plasma and serum samples
correspondingly. Data are presented as mean + SEM (uM). # and * p < 0.05 vs.
the control group.

Nitrate concentrations (Fig. 10) follow a similar trend to nitrite concen-
trations. Namely, both plasma and serum of healthy subjects have the same
levels of nitrates — 24.98 + 1.20 uM (Fig. 10; Control group - P) in plasma and
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25.05 + 3.44 uM (Fig. 10; Control group - S) in serum. Samples taken from
patients with MS indicate higher nitrate amounts both in plasma and serum -
33.67 £ 2.97 uM (Fig. 10; Patients with MS - P) in plasma and 36.30 + 3.81 uM
(Fig. 10; Patients with MS - S) in serum.
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Figure 10. Concentrations of nitrates determined in human blood plasma and serum
of patients with MS and healthy subjects. P and S - plasma and serum samples. Data
are presented as mean + SEM (uM). # and * p < 0.05 vs. the control group.

There has been an increase in NOx levels reported in the serum of patients
with MS in the present study, which is consistent with higher NOx levels
reported in previous studies for many other demyelinating diseases.

4.4. MDA levels in plasma and serum

Using three different drugs to treat MS, (Adamczyk et al., 2017) assessed
the levels of MDA in serum of newly diagnosed (untreated) patients. The study
found that newly diagnosed patients with RRMS had the highest levels of
MDA in their serum. MDA levels in serum of drug-treated patients are lower
than those in control samples, but they are on the same level in plasma and
serum samples. In contrast to previous research performed by (Saif Eldeen
et al., 2019), lower MDA levels contradict the finding that patients with
MS have increased serum MDA levels. In contrast, (Noroozi et al., 2017)
found that patients' serum MDA decreased significantly after treatment
with IFN-p 1a.

Results shown in Fig. 11 indicate a decrease in MDA levels in plasma
and serum of patients with MS compared to healthy subjects. Plasma and
serum control samples have 5.33 + 0.19 pM MDA (Fig. 11; Control group -
P) and 6.07 + 0.42 uM MDA (Fig. 11; Control group - S) accordingly. As for
the plasma and serum from patients with MS - 3.78 + 0.32 uM MDA (Fig. 11;
patients with MS - P) and 4.95 + 0.23 pM MDA (Fig. 11; Patients with MS - S)
accordingly.
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Figure 11. Concentrations of MDA, according to TBARS assay determined in human
blood plasma and serum of patients with MS (n = 26) and healthy subjects (n = 25).
P and S - plasma and serum samples. Data are presented as mean + SEM (uM). # and
* p <0.05 vs. the control group.

4.5. DNA damage and nitric oxide metabolites in T1ID

All the data appeared to be statistically significant with p values < 0.001.
Patients with Type 1 diabetes patients had higher levels of DNA lesions (Fig. 12 -
A) than the control group, but also high standard error for each group. In case
of nitrates and nitrites patients with Type 1 diabetes had lower levels both of

nitrites (Fig. 12 — B) and nitrates (Fig. 12 - C) also with high standard errors
in both approaches.
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Figure 12. DNA damage, serum nitrite and nitrate concentrations in the leukocytes
of healthy subjects and patients with type 1 diabetes. (A) Level of DNA damage in
leukocytes expressed in AU. (B) Serum nitrite concentration (logl0-transformed
y-axis). (C) Serum nitrate concentration (sqrt-transformed y-axis).
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4.6. Association between MS biochemical markers

The most crucial observations occurred correlating levels of NO with serum
nitrites and plasma MDA levels with p values of 0.022 between levels of NO and
serum nitrite levels, and p value of 0.0049 between levels of NO and plasma
MDA levels respectively. Both cases have a medium reverse correlation (corre-
lation coefficients ranging from +0.40 to +£0.60). Another significant correlation
was observed between plasma MDA levels and serum nitrite levels with p value
of 0.0026. Correlations were visualized as a heatmap on Fig. 13.
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Figure 13. Correlation heatmap between identified biochemical MS markers. Nitrite
levels were analyzed by the Spearman correlation test (data were not following normal
distribution), other correlations were analyzed by the Pearson test. Numerical values
represent p values from dark blue - no correlation to dark red - significant correlation.

Based on the evidence that NO can also act as an antioxidant in lipid
peroxidation (Violi et al., 1999), one might speculate that the overproduction
of NO, and thus higher level of its metabolites (which is the proven case in this
MS study), will result in the lowered levels of MDA.

4.7. Genotyping

One way to identify whether the chosen SNP is associated with the disease
is to check deviations from Hardy-Weinberg (HW) equilibrium. The only
significant deviation from HW equilibrium (Table 1) was observed for XRCCI
1525487 T>C (Pyyyy = 0.000213).
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Table 1. XRCCI1 rs25487 Hardy-Weinberg equilibrium statistical significance

MS collection Statistical analysis between
SNP Frequency, % (sample number) genders

All samples ‘ Females Males P, \'A
XRCCI rs25487 T>C
MAF 54.17 53.33 57.14 0.66 0.03
CC 10.42 (10) 13.33 (10) 0(0)
CT 70.83 (68) 66.67 (50) 85.71 (18) 0.17 0.2
TT 18.75 (18) 20.00 (15) 14.29 (3)
Puw 2.13x 107 1.40 x 1072 1.76 x 1073 - -

MAF minor allele frequency, Py statistical significance between expected and real genotype
distribution according to Hardy-Weinberg equilibrium. Common allele in bold.

4.8. SNP correlation with biochemical markers

Statistical analysis has shown that XRCC1 rs25487 T>C SNP significantly
correlates with DNA damage in PBMNC with the p value of 0.0093 (Fig. 14).
XRCC1 1525487 SNP also shows close to statistically significant correlations with
levels of NO (p = 0.079), serum nitrites (p = 0.05), plasma MDA levels (p = 0.059)
and serum MDA levels (p = 0.093). Another SNP rs1799782 G>A of the same
XRCC1 gene has shown a close to significant correlation with plasma nitrate levels.
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Figure 14. Correlation heatmap between identified biochemical MS markers and SNPs.
Numerical values represent p values from dark blue - no correlation to dark red -
significant correlation.
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XRCC1 rs25487 previously indicated an association with reduced risk of
minor treatment response in esophageal cancer and increased risk of high-
grade side effects in head and neck cancer (Gong et al., 2021). Considering
the increased levels of DNA damage in lymphocytes of patients with MS this
SNP might be indeed connected with DNA lesions in case of MS. A study by
Kim, (2017) indicated that nitric oxide indeed has a mutagenic potency and
capable of producing point mutations in certain genes. With this being said, one
might assume that NO might be the reason behind XRCC1 mutation.

4.9. Low-coverage NGS CNV analysis

To get an insight of NGS results for MS patients 60 MS samples were ana-
lyzed in a pool. Each sample had approximately 1x to 2x sequencing depth. Low
quality sequence filtering, alignment and copy number variation detection were
performed on these samples. Sequencing results are presented as a heatmap
(Figure 15).
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Figure 15. 60 MS sample and 2 healthy control CNV result extrapolated together in
a heatmap. Green boxes - high coverage sample regions.
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Considering the limitations of low coverage data, fragments up to the size
of 1Mb were mainly looked at. Large fragment variations were mainly found
in chromosomal regions of Chrl (142535434-143544526), Chr6 (28558850-
33388655), Chr9 (39183701-70174238), Chrl5 (20629741-22297018), Chrl7
(43385820-44770816) and Chr21 (9411193-14398134) (Figure 25). Deletion of
Chr6 and amplification of Chr21 were also present in 2 normal samples. This
indicates that these occurrences might not be a feature of MS. Particularly low
coverage fragments create an illusion of deletion in Chr6 region, but due to
their low consistency with reference genome, might as well not be considered.
There is a noticeable loss of heterozygosity in Chr9: 39183701-42364337 region
for 11 samples out of 60, which leads to an assumption that this region might
be connected to the development of MS.

4.10.MS-candidate and NOS-related genes SNPs

Seven SNPs of MS-related genes rs2229857 (ADAR), rs12557782 (GRIA3),
rs733254 (ZFAT), rs9527281 (STARDI13), rs11787532 (ZFHX4), rs2248202
(IFNAR2) and rs7308076 (CIT) were chosen based on previous reports about
positive association with IFN-f treatments (Bourguiba-Hachemi et al., 2016).
Additionally, SNP rs350845 of another DNA repair gene SIRT6, responsible for
aging, was identified. The most obvious outliers in this case are rs2229857 with
the slightly higher frequency of alternative allele T (0.38) in the experimental
data (Fig. 16); rs12557782 with the significant frequency increase of reference
allele A (0.71) and frequency decrease of alternate allele G (0.29); rs2248202 with
a huge increase in reference allele A frequency (0.88) and decrease in alternate
allele C frequency (0.12).
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Figure 16. Visual presentation of allele frequency comparison between MS-related
gene SNP NGS experimental data and NCBI database.
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The primary genes for NO metabolism regulation NOS1 and NOS2 were
chosen as objects of interest. Six SNPs (three for each gene) were identified and
evaluated. Allele frequencies for NOS1 and NOS2 SNPs were compared with
NCBI database (Fig. 17). NOS1 SNPs rs1047735, rs374175 and rs2682826 show
dissimilarities with NCBI data.
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Figure 17. NOS1 and NOS2 SNPs allele frequencies in comparison with NCBI.
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5. CONCLUSIONS

Single-strand DNA break levels are significantly increased in MS and T1D
patients compared to healthy controls both in whole blood and isolated
peripheral blood mononuclear cells. Levels of oxidized bases in MS case,
however, did not show any difference between the study group and the con-
trol group.

Nitric oxide production in blood is significantly increased in MS and T1D
patients compared to controls. Nitrite and nitrate levels also show a signif-
icant increase in the MS study group, but decreases in the T1D study group
when compared to healthy control.

Compared to healthy subjects, patients with MS have decreased MDA levels
both in plasma and serum samples.

There are significant correlations between levels of NO and serum nitrites;
level of NO and plasma MDA; serum nitrites and serum nitrates; plasma
nitrites and plasma MDA

Plasma nitrite levels of MS patients are associated with gender, and serum
nitrites are associated with EDSS score.

XRCCI gene SNP rs25487 show an association with MS based on the HWE
analysis, however, further investigation is required.

XRCCI1 gene SNP rs25487 is associated with DNA damage and with levels
of NOx. C allele of this gene and TT genotype are associated with plasma
and serum MDA levels.

Based on the NGS data Chr9 region is the most potent for future studies,
NOSI gene SNPs rs1047735, rs3741475, rs2682826 are potentially associated
with MS, and GRIA3 rs12557782 SNP on ChrX is a promising subject for
investigation.
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6. THESIS FOR DEFENSE

DNA damage caused by single-strand breaks, together with PARP1
rs3219090 and XRCCl1 rs25487 SNPs, show a strong association with MS
MS patients have elevated levels of nitric oxide which might have a positive
correlation with NOS1 gene SNPs associated with MS

MS patients having lower levels of MDA than healthy subjects seem con-
troversial, but might be associated with NO antioxidant properties

T1D and MS show a similar trend of increased levels of DNA lesions, but
different pattern in case of NO metabolites
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